SUMMARY Vectorcardiograms (VCG) from a consecutive group of 77 patients with significant aortic valve disease were analyzed. All of the patients had complete left and right heart catheterization with normal coronary arteriograms and normal left ventricular contraction. Thirty-five (46%) patients met VCG criteria for anterior myocardial infarction (AMI-35%) and/or inferior myocardial infarction (IMI-14%). This was a significant increase in false positive diagnosis for both criteria compared to a group of 200 normal volunteers under age 30 and 100 patients with normal hearts by cardiac catheterization (P < 0.01). It was found that if the VCG diagnosis of RECENT STUDIES from this institution have defined new VCG criteria for the diagnosis of inferior myocardial infarction1 and anterior myocardial infarction.2 These criteria were shown to be more accurate than previously published VCG and ECG criteria in discriminating between patients with clinical and ventriculographic patterns consistent with myocardial infarction and patients without evidence of organic heart disease. In these studies patients with VCG evidence of left ventricular hypertrophy were excluded. However, the problem of false positive VCG diagnosis of anterior myocardial infarction in the setting of left ventricular hypertrophy is well recognized. 3 The purpose of the present study was to evaluate the performance of these criteria for the diagnosis of myocardial infarction in a group of patients with significant aortic valve disease. Guidelines will be proposed to facilitate use of these criteria for both AMI and IMI, with minimal incidence of falsely positive diagnosis, in patients with left ventricular hypertrophy.
Methods Patient Selection
Patients with significant isolated aortic valve disease were studied to maximize the probability of left ventricular hypertrophy and minimize the probability of right ventricular hypertrophy. Records of all aortic valve disease patients evaluated at both Duke University Medical Center and the Durham Veterans Administration Hospital between July 1, 1970 and April 1, 1974 who had Frank vectorcardiograms (VCG) were reviewed. Patients in the cardiac catheterization groups had complete hemodynamic studies including selective coronary arteriograms and left ventriculograms. myocardial infarction was deferred when the maximal transverse plane magnitude was >1.8 mV, the incidence of AMI false positive diagnosis decreased to 3% and the incidence of IMI false positive diagnosis decreased to 1%. The same rule was applied to the aortic valve disease cohort, a group of 124 patients with documented AMI and a group of 158 patients with IMI. This decreased the sensitivity of the AMI criteria from 93 to 83% and of the IMI criteria from 85 to 77%. The increase in average performance was statistically significant for the AMI criteria (P < 0.05) but not for the IMI criteria.
Myocardial infarction was excluded by requiring that each patient have: (1) absence of significant coronary artery disease (no greater than 25% occlusion of any vessel), (2) absence of a focal contraction abnormality on the left ventriculogram and (3) absence of a previously documented infarct (one of the following: history, positive cardiac enzymes or serial ECG changes in the acute clinical setting). In addition, patients with bundle branch block were excluded, and it was required that there be no evidence of other valvular lesions in addition to the aortic valve disease with the exception of trace mitral regurgitation.
Only patients with hemodynamically significant aortic valve disease were chosen. The group with pure aortic stenosis (AS) consisted of 28 patients; 24 had a peak to peak gradient across the aortic valve of greater than 50 mm Hg, and in four patients the gradient was between 38 and 50 mm Hg. None had greater than 1+ aortic insufficiency by the classification of Cohn et al. 8 The pure aortic insufficiency (Al) group consisted of 20 patients with at least 3+ Al and less than a 25 mm Hg gradient. The combined aortic stenosis and aortic insufficiency (AS-AI) group consisted of 29 patients with at least 2+ Al; 25 with greater than 50 mm Hg gradient and four with gradients between 25 and 50 mm Hg.
Three hundred adults without evidence of heart disease were used as a control population. Two methods of selection were used so that patients with a wide range of ages would be included. The first normal group consisted of 200 healthy volunteers aged 20-29 without a history of heart disease or hypertension (NL-VOL). The second normal group was composed of 100 patients who underwent cardiac catheterization with selective coronary arteriography and left ventriculography because of chest pain suggestive of angina but in whom both a normal ventricular contraction pattern and normal coronary artery anatomy were demonstrated (NL-CATH).
VCG data were obtained from four groups of patients with strong evidence for either anterior myocardial infarction or inferior myocardial infarction for comparison with the patients with aortic valve disease. To insure that the patients with infarction were a representative population, acute infarction. In addition, evolutionary ECG changes of repolarization in leads V,, V, and V3 consisting of both STsegment elevation and T-wave inversion (the presence or absence of significant Q waves in these leads did not influence inclusion in this group) and transient findings of both elevation of serum CPK-MB"0 and LDH, greater than LDH21' were required. The IMI-CCU group was composed of 75 patients chosen similarly to the AMI-CCU group except for the presence of ECG repolarization changes in leads II, III and aVF, instead of in the precordial leads. The AMI-CATH group consisted of 78 patients who underwent coronary arteriography because of clinical symptoms and in whom both the presence of a 70 to 100% occlusion of the left anterior descending coronary artery and localized akinesia or dyskinesia of the anterior ventricular wall were proven. The IMI-CATH group consisted of 83 similarly chosen patients in whom the presence of a 75 to 100% occlusion of the right coronary artery and localized akinesia or dyskinesia of the inferior left ventricular myocardium were required. Patients were excluded from these groups if there was QRS or ventriculographic evidence of more than one area of infarction or of bundle branch block.
The study groups are outlined in figure 1.
Data Collection
In all catheterization subgroups right and left heart catheterization was performed using standard techniques. The cineangiograms, taken at a filming speed of 60 frames per second, were evaluated for abnormalities of left ventricular wall motion, degree of occlusive CAD, amount of mitral and aortic insufficiency.
The VCGs were recorded using the Frank lead system with a Hewlett-Packard 1507A vectorcardiograph or an Instruments for Cardiac Research VCG-lB vectorcardiograph modified with a Hewlett-Packard oscilloscope and camera. The chest electrodes (A, C, E, and I) were placed in the fourth intercostal space as recommended for the supine position. A calibration of 1 mV per 2 to 4 cm deflection was used depending on the size of the total loop. The initial QRS forces were recorded with a calibration of 1 mV per 10 cm deflection with the P and T loops excluded. The VCG trace was interrupted each 2.5 msec (Hewlett-Packard) or 2.0 msec (Instruments for Cardiac Research) depending on which machine was used.
The VCGs were recorded within one week of catheterization in all cath subgroups or within two weeks after the acute infarction in the two CCU subgroups.
Since no set of generally accepted VCG criteria for the various locations of infarction presently exists, an attempt was made to choose from the literature the most sensitive and specific criteria based on anatomical studies. The criteria are outlined as follows:
Anterior myocardial infarction: Initial anterior QRS forces must not exceed .10 mV in maximal anterior amplitude and also must not exceed 24 msec in duration;2 A nterolateral myocardial infarction: Displacement of the 20 msec vector to the right and displacement of the efferent limb to the right and posterior with initial rightward QRS forces of greater than 22 msec in duration and greater than .16 msec in amplitude; '12 13 High lateral myocardial infarction: Displacement of the initial QRS deflection in the frontal plane inferiorly and to the right of the y axis with counterclockwise inscription despite a vertically displaced maximal QRS vector of greater than 40°. 15 Inferior myocardial infarction. In the frontal plane, generally clockwise superior forces must be present. These are defined as forces which are initially either a) superior (rightward or leftward) or b) inferior and completely rightward for not more than 10 msec prior to becoming superior and which subsequently cross the X axis to the left Standard chi-square analysis was used for all statistical analyses except for the comparison of the performance of the VCG infarction criteria with the modified VCG criteria for which McNemer's test for equality of correlated proportions'8 was used. This latter test is a modified chi-square analysis which is useful to evaluate two different criteria by comparing the number of occasions when each is exclusively in error and to determine the statistical significance of this comparison.
Results
Of the 77 patients with aortic valve disease, 35 (46%) met one of the criteria for infarction. Only the anterior and inferior infarction criteria were met with the exception of one patient who met the criteria for both anterolateral and anterior infarctions.
As shown in table 1, 27 (35%) of these met anterior infarction criteria. This false positive rate was significantly increased over the normal-volunteer and normal-cath groups (P < 0.01) both of which had false positive rates of 2%. The number of false positives was also shown to be significantly increased for each of the aortic valve disease subgroups. This incidence of false positive anterior infarction in the AS-Al group (55%) was found to be significantly increased over the incidence in the AS (25%) and Al (20%) groups (P < 0.05). Ten (13%) of the aortic valve disease patients meeting anterior infarction criteria had complete absence of anterior forces. None of the patients in the normal volunteer or cath groups had this finding.
The anterior infarction criterion of Hugenholtz et al.14 (posterior displacement of the initial 0.02 sec vector in the transverse plane) was also applied to the aortic valve disease patients. As shown in table 2, the number of false positive results obtained was 33 (43%). Although this is a greater incidence than found with the anterior infarct criterion used in this study the difference is not statistically significant.
As mentioned above, only one patient met the strict anterolateral criteria. The more liberal criterion suggested by Hugenholtz et al.'4 requires only clockwise rotation of the initial anterior forces in the transverse plane. Only four (5%) aortic valve disease patients met this criterion and each of these met anterior criteria in addition.
As shown in table 1, 11 aortic valve disease patients (14%) met inferior infarction criteria. This false positive rate was shown to be significantly increased (P < 0.01) over the NL-VOL and NL-CATH groups. The AS group and the AI group were shown to have significantly increased false positive rates of 18 and 20%, respectively (P < 0.01). The AS-AI group had a false positive rate of 7% which was not significantly increased over the control groups. As described in the Methods section, there are three parts to the inferior infarction criteria, any one of which can be used alone for the diagnosis of inferior infarction. Each of these parts was present in at least three aortic valve disease patients and no single part was responsible for a majority of the false positive diagnoses of inferior infarction.
The anterior infarction criteria were applied to the AMI-CCU and AMI-CATH groups and the inferior infarction criteria for the IMI-CCU and IMI-CATH groups. The excellent sensitivity of the criteria can be appreciated from the results shown in table 1.
The VCG criteria for left ventricular hypertrophy of Romhilt et al."7 were applied to each subgroup and the results are shown in table 1. It is remarkable that the incidence of VCG evidence of left ventricular hypertrophy was significantly increased over normal in each of the infarction subgroups (P < 0.01).
An attempt was made to identify other VCG characteristics of the aortic valve disease patients falsely meeting infarction criteria which would differentiate them from patients with actual infarction. Figure 2 shows the distributions of maximal transverse magnitude of patients diagnosis was shown to be significantly reduced (P < 0.05) when this upper limit was used.
A similar analysis was applied to the inferior infarction data. Table 4 shows that if inferior infarction is excluded when transverse magnitude exceeds 1.8 mV (the optimal upper limit for the anterior infarction criteria), the percent true negatives increases from 86% to 99%. However, the increase in average performance is not nearly as striking. Furthermore, although the total number of erroneous diagnoses is reduced, this decrease is not statistically significant at 1.8 mV or any other possible transverse magnitude upper limit.
No improvement in the separation of the aortic valve disease patients with false positive myocardial infarctions from the patients with true infarctions was achieved by adjusting the transverse magnitude upper limit according to the patient's age in a manner analogous to that of Romhilt et al. ' It is the opinion of the authors that in patients meeting anterior or inferior infarction criteria and having a maximal transverse plane magnitude of greater than 1.8 mV, the diagnosis of definite infarction should not be made on the basis of VCG alone. If this rule is followed, the incorrect diagnosis of anterior or inferior infarction in the presence of left ventricular overload due to aortic valve disease will occur in less than 5% of patients. However, the diagnosis of true anterior and inferior infarction will be further reduced by 10% to 83% and 77%, respectively.
